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Description 

FIELD OF THE INVENTION 

The present invention generally relates to satellite 
based telecommunications. More specifically, the inven- 
tion relates to a power control subsystem for optimizing 
satellite power usage while maintaining a desired quality 
of service with user terminals. 

BACKGROUND OF THE INVENTION 

Satellite based telecommunications systems have 
been proposed to provide cellular communications links 
between user terminals (mobile and fixed) and earth sta- 
tions. The earth stations, in turn, connect the user ter- 
minals with remote originating/destination callers 
through public land mobile networks (PLMN), public 
switching telephone networks, other earth stations and 
satellites, and the like. Each user terminal communi- 
cates with an assigned earth station along correspond- 
ing forward and return links which are supported by a 
satellite which has the user terminal and earth station in 
its field of view. 

Each satellite includes at least one antenna which 
defines its earth coverage region or footprint. The sat- 
ellite antenna(s) divide the coverage region into multiple 
beam spots. Each beam spot is assigned at least one 
frequency subband along which communications sig- 
nals travel in the forward and return directions between 
user terminals and earth stations. Each subband may 
support communications from a plurality of user termi- 
nals. The user terminals are assigned unique transmis- 
sion channels or "circuits" within an associated sub- 
band. A channel or "circuit" represents a unique path 
along which the corresponding user terminal transmits 
and receives RF signals containing discrete frames or 
packets of communications data and/or command infor- 
mation. A channel or circuit may be defined in a variety 
of ways, depending upon the system's coding technique 
such as time division multiple access (TDMA), frequen- 
cy division multiple access (FDMA) code division multi- 
ple access (CDMA), or any combination thereof. 

The transmitters in each earth station, satellite and 
user terminal emit an RF signal with sufficient power to 
ensure that the intended receiver receives the RF signal 
with a desired quality of service. The quality of service 
of a communications link is dependent on the signal-to- 
noise ratio (SNR) of the RF signal. Different types of us- 
er terminals (portable, fixed, special, geographically 
specific, etc.) have associated minimum SNR levels re- 
quired to afford a desired quality of service. Thus, each 
satellite must transmit RF signals in associated sub- 
bands at varying power levels to maintain the desired 
quality of service which depend upon the intended user 
terminal type. 

in addition, sateiiites vary the HK signal transmis- 
sion power levels between subbands and between 



. channels in a subband to account for system factors, 
such as the position of the beam spot for an associated 
subband, the number of user terminals assigned to the 
subband, the position of the user terminals within the 

s associated beam spot, the amount of interference be- 
tween the user terminal and satellite (rain, fog, clouds, 
. etc.), the distance to the user terminal and the like. The 
above-noted system factors continuously change, and 
thus the satellite must continuously update the transmis- 

10 sion power level of RF signals in each subband to each 
user terminal. 

However, each satellite is afforded a limited supply 
of power. Each satellite has many power demands upon 
this limited supply. Thus, it is desirable to maximize the 

15 transmission efficiency. To do so, satellite antennas 
have been implemented with nonlinear amplifiers which 
drive the antenna array to transmit the RF signals. How- 
ever, driving the nonlinear amplifiers too far into satura- 
tion will cause excessive intermodulation distortion as 

20 well as reduced amplifier reliability. 

EP-A-02751 1 8 discloses a time division multiple ac- 
cess (TDMA) system for use in carrying out communi- 
cation among a plurality of earth stations through a sat- 
ellite, said TDMA system being capable of individually 

25 controlling electric power of bursts. The TDMA system 
comprises a plurality of earth stations communicable 
with one another by the use of a plurality of carrier waves 
through a transponder of a satellite which has an avail- 
able electric power level. In this TDMA system bursts 

30 carried by the carrier waves are individually and flexibly 
controlled in accordance with a burst time plan so that 
selected ones of the carrier waves have on the satellite 
a total electric power level which does not exceed the 
available electric power level at any time. The bursts 

35 therefore may have different power levels in dependen- 
cy upon scales of the earth stations, traffics carried by 
the bursts, and receiving conditions at the earth condi- 
tions. The selected carrier waves can be transmitted or 
received by frequency hopping. Such control of the pow- 

40 er levels is carried out in each earth station by the use 
of a combination of an attenuator and an attenuation 
control circuit operated in accordance with the burst time 
plan. 

US-A-4261054 is disclosing an adaptive transmitter 
45 power control for use in satellite communications sys- 
tems. The power control provides real-time adjustment 
of satellite transponder power on the basis of received 
signal quality so as to overcome the effects of rapid on- 
set signal attenuation occurring within the system, such 
50 as would be caused by a rainstorm. The communica- 
tions system includes at least two ground stations com- 
municating with one another via a satellite transponder 
whose power output is functionally dependent upon re- 
ceived signal strength. The level of transmitter power 
55 utilized by the satellite is adjusted by adjusting the power 
level of the signal transmitted to the satellite by at least 
one of the ground stations. At least another of the 
ground stations includes a quality monitor which re- 
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sponds to soft decisions generated by the ground sta- 
tion in demodulating the signal received from the power 
controlled ground station via the satellite repeater. The 
quality monitor makes a real-time determination of the 
quality of the received signal on the basis of the magni- 
tude of these soft decisions. Transmitter power adjust- 
ment commands are generated in accordance with this 
determination. In systems wherein the primary data 
communicated between the stations is encoded in an 
error-correcting code, the power adjustment commands 
are communicated to the power controlled ground sta- 
tion by intentionally inserting errors in the error-correct- 
ing coded data. 

A need remains for a satellite system which optimiz- 
es the satellite transmitter operating power level, while 
maintaining a desired quality of service at each user ter- 
minal. 

Moreover, proposed satellite systems have been 
unable satisfactorily control the "effective isotropic radi- 
ated power - (EIRP) emitted by an earth station and re- 
ceived by a corresponding satellite. As noted above, an 
earth station passes RF signals to a desired user termi- 
nal along a forward link of a communication channel. In 
the forward link, the associated satellite receives each 
RF signal via a feeder link with the earth station. The 
satellite then retransmits this received RF signal in the 
subband of the beam spot containing the destination us- 
er terminal. The satellite must transmit the RF signal at 
a power level sufficient to provide the desired signal-to- 
noise ratio (SNR) and quality of service at the user ter- 
minal. A need remains for a satellite system which af- 
fords control at the earth station of the power output of 
the satellite for each channel. 

Each satellite may receive RF signals along multi- 
ple feeder links from multiple earth stations. Each earth 
station is located a different distance from the satellite 
and at a different point within the satellite field of view 
Consequently, RF signals from different earth stations 
may be received at different power levels. Power fluctu- 
ations in the received RF signal may further vary due to 
signal interference, such as clouds, rain and the like. 
Hence, RF signals from an earth station covered by 
clouds would be weaker than an RF signal from an earth 
station with no cloud cover. A need remains for an im- 
proved feeder link between the earth stations and sat- 
ellites. 

The present invention provides an improved power 
control satellite subsystem which overcomes the disad- 
vantages discussed above and experienced in the past. 

OBJECTS OF THE INVENTION 

It is an object of the present invention to provide a 
power control subsystem for a satellite based telecom- 
munications system which optimally allocates power 
among earth stations with respect to corresponding cov- 
erage sateiiites. 

It is a further object of the present invention to en- 



sure that the earth stations, satellites and user terminals 
operate within federally mandated power flux density 
limits (PFD limits). 

It is a further object of the present invention to pro- 

5 vide an adjustable quality of service within forward and 
return communications links between earth stations and 
user terminals. 

It is a corollary object of the present invention to en- 
able the quality of service to be adjusted based on sat- 

10 ellite loading, user position within the satellite's field of 
view, the forward link signal-to-noise ratio and terminal 
type. 

It is yet a further object of the present invention to 
ensure that the power control subsystem maintains op- 
T£ timal control when satellite power usage approaches 
maximum power limits. 

It is yet a further object of the present invention to 
initiate handover operations between beams and/or sat- 
ellites to optimize satellite power load management. 

It is another object of the present invention to pro- 
vide an aggregate power control subsystem which dis- 
tributes satellite RF signal power resources between 
multiple earth stations in such a way that the amplifiers 
driving the satellite-to-user transmitters are operated at 
a desired point within a nonlinear operating range to 
avoid signal distortion. 

It is a further object of the present invention to pro- 
vide a two-way user-level dynamic power control sys- 
tem which adjusts power transmitted to and from an in- 
dividual user terminal to maintain a desired signal qual- 
ity at the user terminal and at the earth station. 

Another object of the present invention is to provide 
automatic level control of the earth station transmission 
power (EIRP) and receive feeder link power at the sat- 
ellite. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a block diagram of a satellite based 
telecommunications system according to the preferred 
embodiment of the present invention. 

Fig. 2A illustrates a block diagram of an earth sta- 
tion of a preferred embodiment of the present invention. 

Fig. 2B illustrates a detailed block diagram of the 
baseband manager and beam processor according to a 
preferred embodiment of the present invention. 

Figs. 3A-3C illustrate the processing sequence fol- 
lowed by the satellite power manager of the preferred 
embodiment of the present invention. 

Fig. 4 illustrates a more detailed block diagram of 
the beam processor of the preferred embodiment of the 
present invention. 

Figs. 5A and 5B illustrate the processing sequence 
carried out by the beam processor of Fig. 4 according 
to the preferred embodiment of the present invention. 

Fig. 6 illustrates a forward link power control loop 
between an earth station and a user terminal according 
to the preferred embodiment of the present invention. 
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Fig. 7 illustrates a return link power control loop ac- 
cording to a preferred embodiment of the present inven- 
tion. 

Fig. 8 illustrates an automatic level controller car- 
ried out according to the preferred embodiment of the 
present invention. 

Figs. 9A and 9B illustrate exemplary RF signals 
transmitted in connection with the power level controller 
of Fig. 8 according to the preferred embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 1 generally illustrates a satellite based telecom- 
munications system representative of a preferred em- 
bodiment. The system includes a plurality of user termi- 
nals 10 which communicate with corresponding earth 
stations 16 via coverage satellites 12. Each user termi- 
nal communicates with its assigned earth station via a 
unique communications channel. A channel includes a 
forward link from the earth station to the user terminal 
and a return link from the user terminal to the earth sta- 
tion. Each forward and return link is further divided into 
an earth station-to-satellite section and a user terminal- 
to-satellite section. Each channel carries RF signals 
within a preassigned subband having a central carrier 
frequency. Each satellite divides its coverage area (e. 
g. t field of view) into multiple beam spots. Each beam 
spot may support one or more subbands. Thus, the car- 
rier frequency of a particular channel is dependent upon 
the beam spot covering the user terminal. Fig. 1 illus- 
trates an exemplary implementation of this communica- 
tions architecture. 

As illustrated in Fig. 1, satellite 30 divides its cover- 
age area into three beam spots, the boundaries of which 
are defined by dashed lines 32-35. Beam spot 36 covers 
a first group of user terminals, white beam spot 38 cov- 
ers a second group of user terminals. Terminals 40 and 
42 communicate along channels 44 and 46, respective- 
ly, with earth station 28. Channel 44 includes a forward 
link 48 and a return link 50. The satellite 30 relays RF 
signals along channels 44 and 46 to the earth station 28. 

Satellite 31 similarly includes multiple beam spots 
48 and 50 which support communications between 
earth station 29 and user terminal 52. User terminal 52 
communicates along channel 56 which includes a for- 
ward link 58 and a return link 60. As shown by channel 
62, earth station 28 may also communicate with user 
terminals (i.e., terminal 54) which are covered by satel- 
lite 31. Earth station 28 communicates with user termi- 
nal 54 via channel 62. 

The earth stations 28 and 29 communicate with a 
system operations center (SOC) 20 through communi- 
cation lines 22 and 23. The SOC 20 includes a satellite 
power distribution manager 70 which distributes power 
among the saieiiiles 30 and 3i as explained beiow. 

The earth station 28 includes a baseband manager 



150 which communicates with SOC 20 and manages 
power output of the satellite 30 within subbands as- 
signed to the earth station 28. The baseband manager 
150 communicates with a plurality of beam processors 

5 152. Each beam processor is associated with a unique 
beam emitted by the satellite 30. Thus, unique beam 
processors manage communications within corre- 
sponding beams 36 and 38. Each beam processor 152 
reallocates power between channels within the corre- 

w sponding beam as explained beiow. Each beam proc- 
essor 152 communicates with a plurality of modems 
154. Each modem 154 is uniquely associated with a 
channel and operates to maintain a desired quality of 
service (i.e., signal-to-noise ratio) for an associated user 

is terminal. The outputs of the modems 154 are combined 
and transmitted via antenna 43 to the satellite 30 as 
composite RF signals. 

The user terminals 10 may be of differing types, 
such as portable terminals, cellular terminals, fixed/sta- 

20 tionary terminals, special terminals, geographically spe- 
cific terminals and the like. 

It is understood that only a subset 74 of the user 
terminals may be actively communicating at any given 
time. The system allocates a number of "radio resourc- 
es es" to each earth station. Radio resources represent the 
number of channels and/or subbands assigned to an 
earth station. Thus, while a group of channels or radio 
resources 76 may be assigned to an earth station, only 
the subset 74 of these terminals will be using radio re- 

30 sources to actively communicate. 

By way of example, the system may register the us- 
er terminals in set 76 with earth station 28 since these 
terminals are located in a predefined fixed geographic 
zone of coverage assigned to the earth station. Option- 

35 ally, this registration may be stored on a visitor location 
register stored at an earth station, at the SOC, or at a 
separate module which communicates with the earth 
stations. Alternatively, the system may calculate, 
through past system demands, a number of user termi- 

40 nals which historically have attempted to establish com- 
munications links with the earth station 28 at a given 
time of day. Based on these calculations, the SOC 20 
informs the earth station 28 of a predicted number of 
channels to be needed as group 76 associated with 

45 beam spot 36. Optionally, in a CDMA or TDMA coded 
system, the SOC 20 may provide a number of codes 
usable by the earth station for each subband. The SOC 
further informs the earth station 28 of the n umber of user 
terminals expected to be in group 84 which will commu- 

50 nicate along subbands corresponding to beam spot 38. 
The user terminals 10 may be of differing types, 
such as portable terminals, cellular terminals, fixed/sta- 
tionary terminals, special terminals, geographically spe- 
cific terminals and the like. It is understood that only a 

55 subset 74 of the user terminals may be actively commu- 
nicating at any given time. Thus, while a group 76 of 
user terminals 10 may be assigned to earth station 28, 
only a subset 74 of these terminals will be actively en- 
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gaged in communications at any given time. ' 

Satellite 30 emits RF signals along each forward 
transmission link in channels 44 and 46 at a power de- 
mand level determined by the earth station 28 (as ex- 
plained below). 

Each subband may support multiple communica- 
tions channels based on any of several communication 
techniques, such as TDMA, FDMA, CDMA, and any 
combination thereof. The transmission power levels of 
all channels within a subband are combined to deter- 
mine the power demand at the satellite for the associ- 
ated subband. Each earth station is assigned to individ- 
ual beam spots and operates to control the power de- 
mand for each subband within the beam spot. By way 
of example, a satellite 30 may cooperate with a single 
earth station 28 and thus, the earth station 28 controls 
the power demand of every beam spot for the satellite. 
However, when multiple earth stations 28 and 32 oper- 
ate with a single satellite 31 , each earth station is as- 
signed to a subset of the beam spots for the satellite 31 . 
For instance, earth station 28 may be assigned all user 
terminals in beam spot 48, while earth station 29 may 
be assigned all user terminals in the remaining beam 
spots 49 and 50. Accordingly, earth station 28 will con- 
trol the power emitted by the satellite 31 within beam 
spot 48, while earth station 29 would control the power 
emitted by the satellite within the remaining beam spots. 

The systems operation center (SOC) 20 is respon- 
sible for distributing the power available for use by each 
satellite. The systems operation center (SOC) 20 in- 
cludes a satellite power distribution manager 70. The 
satellite power distribution manager 70 determines the 
total transmission power capacity of each satellite and 
divides the satellite's available power among the multi- 
ple earth stations communicating with the satellite. The 
satellite's total available power and distribution per earth 
station may be determined in a variety of manners, such 
as from preassigned values for each satellite stored in 
a data base 72. Optionally, the power distribution man- 
ager 70 may empirically calculate the power distribution 
between earth stations for a satellite based on historical 
use data evidencing past demands of the satellite over 
a desired period of time. As a further alternative, the 
power distribution manager 34 may periodically recal- 
culate the total power available to each satellite based 
on power feedback reports from each earth station. As 
yet a further alternative, the power distribution may be 
based on the number of user terminals registered in a 
zone of coverage. The system's overall power may be 
shifted to optimize or equally load each satellite by re- 
assigning user terminals and/or subbands between sat- 
ellites and/or earth stations. 

The SOC 20 informs each earth station 28 and 29 
of the available satellite power which may be used in 
connection with user terminals assigned to the earth sta- 
tion. For instance, the SOC 20 may inform earth station 
26 thai ii may distribute 500 waits between the beams/ 
subbands of satellite 30 which are assigned to the earth 



station 28, and 200 watts among the beams/subbands 
of satellite 31 which are assigned to earth station 28. 
Thus, earths station 28 may instruct satellite 30 to trans- 
mit up to 500 watts of transmission power within the sub- 
5 bands assigned to earth station 28. Similarly, the earth 
station 28 may instruct satellite 31 to transit up to 200 
watts of power in the beams/subbands assigned to earth 
station 28. In addition, the SOC 20 may inform each 
earth station of a maximum power limit which may be 
10 transmitted by each satellite per subband per beam 
spot. This power limit is determined by the SOC 20 in 
order to ensure that the overall system does not exceed 
the power flux density regulatory requirements as es- 
tablished by the Federal Communications Commission. 

Upon receiving the satellite power allocations and 
regulatory limits from the SOC 20, each earth station 
thereafter independently controls the power levels of RF 
signals transmitted by satellites to each user terminal. 
As explained below, the baseband managers 150 in the 
earth stations distribute satellite transmission power 
among the predicted channels without exceeding the 
subband regulatory power limits and the satellite's avail- 
able power assigned to the corresponding earth station. 

Throughout operation, each earth station provides 
power demand feedback information to the SOC 20 
which is used to update the power allocation among the 
earth stations. By way of example, the feedback infor- 
mation may include the total power required of the sat- 
ellite to maintain communications links with minimum 
signal quality. In this manner, the SOC 20 monitors the 
actual and required satellite power usage relative to ide- 
al operating power levels. The SOC 20 periodically up- 
dates the satellite power allocations to each earth sta- 
tion based on feedback information from the earth sta- 
tions concerning loads and required satellite transmitter 
operating power levels. 

Optionally, a mobile link test module 24 may be pro- 
vided for measuring a satellite transmitter operating lev- 
el. The test module 24 communicates measurements 
directed to the SOC 20. Alternatively, or in addition, a 
telemetry channel may be maintained between the sat- 
ellite and each associated earth station. When the te- 
lemetry channel is used, the satellite may telemeter 
transmission operating information to the earth station 
which in turn relays it to the SOC 20. The SOC 20 in turn 
utilizes the telemetered satellite operating information 
while updating the power allocations. 

Each earth station estimates its current total satel- 
lite power usage relative to the allocated power. Each 
earth station estimates and controls its satellite power 
usage per subband per beam relative to the regulatory 
power limits provided by the SOC 20. Each earth station 
performs user level power control and dynamic fade 
margin adjustments for each user (as explained below). 
Periodically, the earth stations report total satellite pow- 
er usage, along with power usage per subband per 
beam tor each associated satellite. 

Turning to Fig. 2A, an earth station 28 is illustrated 
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in more detail. The earth station includes a baseband 
manager 150, a plurality of beam processors 152, and 
a plurality of modems 1 54. Each beam processor oper- 
ates in connection with an assigned beam emitted by 
the satellite. Each beam processor includes one or more 
subband power managers 156 which manage power 
distribution among the subbands in the associated 
beam. Each subband power manager 156 communi- 
cates with a plurality of modems 154. Each modem 1 54 
operates in connection with a single channel assigned 
to a particular user terminal. Each subband power man- 
ager 156 communicates with all of the modems 154 
which support channels in a single corresponding sub- 
band. Each modem 154 includes a forward link power 
controller 160 which controls the power emitted by the 
satellite within the subband corresponding to the chan- 
nel assigned to the modem 154. Each modem 154 in- 
cludes a modulator 1 62 and a demodulator 1 64 for mod- 
ulating and demodulating RF signals transmitted from 
and received by the earth station in connection with the 
associated channel. The RF signals emitted by modu- 
lators 162 within modems 154 corresponding to a single 
subband are combined at a summer 166 prior to trans- 
mission to form a composite RF signal for the subband. 
The composite RF signals are transmitted along with a 
reference tone (explained below). 

The baseband manager 150 includes a satellite 
power manager 1 58 and beam load manager 161 which 
operates according to the flow process illustrated in 
Figs. 3A-3C to control power distribution among beams 
transmitted by the satellite to user terminals assigned to 
the earth station. 

Fig. 2B illustrates the interconnection between the 
baseband manager 150 and a beam processor 152 in 
more detail. The satellite power manager 158 receives 
the total satellite power allocation for the earth station 
from the SOC. The satellite power manager 1 58 also 
receives the number of expected channels to be as- 
signed to the earth station per beam of the associated 
satellite. The satellite power manager 158 receives, as 
feedback, the difference between the required and allo- 
cated total power per subband for each beam from the 
beam processor 152. The satellite power manager 158 
communicates with the data base 1 53 which may store 
PFD limits downloadable from the SOC. The PFD limits 
may be accessed by geographic region and carrier fre- 
quency which are dependent upon the satellite's current 
position and the beam of interest. Referring to Fig. 3A, 
the satellite power manager 158 obtains (step 170) the 
total available satellite power from the SOC 20. At step 
172, the satellite power manager 158 obtains the sub- 
band PFD limits and at step 174 obtains the channel 
assignments per beam (from the SOC 20 or a data- 
base). At step 176, the satellite power manager deter- 
mines the power to be allocated to each subband. 

This determination may be based on the number of 
potential user terminals expected to request channels 
within a particular subband. Alternatively, this determi- 



nation may be based on the position within the satellites 
field of view of the beam containing the present sub- 
band. As a further alternative, the subband power allo- 
cations may be based on data concerning past usage 
5 demands. By way of example, user terminals may reg- 
ister according to one of several processes set forth in 
co-pending applications entitled 'Satellite Based Cellu- 
lar Telecommunications System Utilizing A Multiple 
Registration Location Register" and entitled "Earth Sta- 
10 tioned Subsystem" filed on or about May 1, 1996 and 
assigned to the assignee of the present invention. The 
two above noted co-pending application are incorporat- 
ed herein by reference in their entirety. At step 178, the 
subband power allocations are passed to corresponding 
15 subband power managers 158. 

At step 180, the satellite power manager 158 ob- 
tains the feedback differential between the subband re- 
quired power and the subband allocated power from the 
Subband Power Manager 156. At step 182, the satellite 
power manager 158 combines the feedback differen- 
tials for all of the subbands of the current satellite and 
reports, to the SOC, the total required power and the 
total allocated satellite power. Next, the satellite power 
manager 158 reports to the beam load manager 161 
(Fig. 2B) the required subband power and the allocated 
subband power. Next it determines that step 186 (Fig. 
3B) whether the allocated subband power exceeds the 
required subband power. If so, control passes to step 
190 at which the satellite power manager 158 records 
the amount of excess subband power for future use by 
other subbands which may need additional power. Re- 
turning to step 1 86, if the allocated subband power does 
not exceed the required power, then the subband needs 
additional power. Hence, flow passes to step 188 at 
which the satellite power manager 158 determines 
whether other subbands have recorded excess power 
which may be reallocated to the present subband in 
need of additional power. At step 1 92, if such additional 
power exists, the satellite power manager 158 reallo- 
cates the power from the subband in excess to the sub- 
band in need and passes new power allocations per 
subband to the subband power manager 156. Excess 
power represents the power allotted to a subband, but 
not needed to achieve the desired quality of service for 
the user terminals currently in use. The excess power 
report also indicates when the user terminals demand 
more power from a particular beam than has been allo- 
cated thereto by the satellite power manager 158. The 
satellite power manager 158 uses the excess power re- 
port to reallocate power between beams, such as when 
one beam requires more power than has been allocated 
thereto, while an adjacent beam does not require all of 
its allotted power. 

When the excess power reports for all of the beams 
assigned to the earth station indicate that additional 
power remains, optionally, the satellite power manager 
158 may distribute the excess additional power among 
the subbands. The distribution of additional power may 
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be even or uneven according to some other desired 
function. Once the manager 158 allocates all of the 
available power to the beam spots, the baseband man- 
ager 150 reports back to the SOC 20 the difference be- 
tween the necessary minimum total satellite power and 
the allotted power. Thus, if the beams assigned to the 
earth station 28 only require 80% of the total power al- 
located by the SOC 20, the baseband manager 150 re- 
turns this information to the SOC 20. Optionally, the 
SOC 20 may shift the unneeded 20% to beams upon 
the satellite which have been assigned to a different 
earth station by outputting new satellite power allocation 
amounts. 

According to the foregoing process, the baseband 
manager 150 continuously updates the subband power 
allocations for each beam based on the total satellite 
power allocation, the PFD limits and the usage recorded 
from each beam processor 1 52. 

Turning to Fig, 4, a beam processor 152 is illustrat- 
ed in more detail. The beam processor 152 includes a 
subband power manager 156 which includes a signal- 
to-noise (SNR) ratio calculation module 157. The SNR 
calculation module 157 accesses a data base 155 (Fig. 
2) to obtain a required SNR value for the current user 
terminal based on the user terminal's type. The user ter- 
minal's type may be provided by the baseband manager 
150, or may be stored in data base 155. The SNR value 
obtained from data base 1 55 represents a minimum re- 
quired SNR value necessary toachieve a quality of serv- 
ice desired by the user terminal. The SNR calculation 
module 157 further receives the forward link SNR vari- 
ance from the modem assigned to the current user ter- 
minal. The SNR calculation module 157 also obtains a 
"fade margin" for the current channel associated with 
the current user terminal. The "fade margin" represents 
a predetermined bias value added to the minimum re- 
quired SNR value for a user terminal in order to com- 
pensate for rapid fluctuations in the received power level 
at the user terminal. These fluctuations are sufficiently 
rapid that they are difficult to correct by the system 
through its normal power control loop. Thus, a bias or 
"fade margin" is added to the minimum SNR value to 
ensure that, during a minimum of a rapid fluctuation, the 
power level never falls below the lowest acceptable val- 
ue. The beam processor may determine the fade margin 
for each user terminal based on the subband power al- 
location received from the satellite power manager 1 58, 
the user terminal type and position within an associated 
beam spot. The fade margin may also be determined 
based on forward SNR feedback statistics reported from 
a modem 154 corresponding to the current user termi- 
nal. The fade margin may also be based on the current 
power usage of the modem. The SNR calculation mod- 
ule 157 combines the required SNR value, SNR vari- 
ance and fade margin to generate a new required SNR 
value for the forward link (FL) with the current user ter- 
minal This required FL SNR value is supplied to the mo- 
dem control module 159. 



Figs. 5A and 5B illustrate the processing sequence 
carried out by the subband power manager 1 56. Initially, 
modem controller 159 obtains the subband power allo- 
cation from the satellite power manager 1 58 for the cur- 
s rent subband (step 200). At step 202, the SNR calcula- 
tion module 157 calculates the required SNR value as 
described above. The modem controller 1 59 outputs the 
desired SNR value to the modem 154 corresponding to 
the current channel within the current subband. The mo- 
10 dem controller 159 also outputs the power limit which 
may not be exceeded by the modem. The modem 154 
drives the satellite to emit sufficient power in the forward 
link to establish the desired SNR value at the user ter- 
minal. The modem thereafter returns the power level re- 
's quired of the satellite to achieve the desired SNR value. 
The modem controller 159 receives feedback informa- 
tion from all of the modems corresponding to the current 
subband and determines the total required power of the 
current subband to achieve the desired SNR values for 
each channel within the current subband. The modem 
controller 159 then determines whether the allocated 
power for the current subband exceeds or is less than 
the total power required to achieve the desired SNR val- 
ues for each active channel within the subband. The mo- 
dem controller 159 distributes this excess power by de- 
termining a desired forward link (FL) SNR value for each 
user terminal. The desired FL-SNR value represents the 
SNR level to be maintained by each modem for the for- 
ward link of the associated channel. The modem con- 
troller 159 calculates the desired SNR level for the cur- 
rent modem based on the associated user terminal's de- 
sired FL-SNR value and the excess power available 
(step 206 in Fig. 5A). The modem controller 1 59 outputs 
the desired FL-SNR value and outputs the maximum 
power level to which the modem may drive the satellite 
transmitter for the associated channel. 

As explained below, each modem 1 54 continuously 
adjusts the output power of its associated channel to 
maintain the desired received SNR value in the pres- 
ence of beam spot motion and user motion. Thereafter, 
the modem returns, to the modem controller 159, the 
forward link satellite output power level emitted in the 
current channel by the satellite. At step 208, the modem 
controller 159 combines FL required modem power lev- 
els returned from each modem for a subband to deter- 
mine the total subband power. The modem controller 
159 obtains a difference between the required FL sub- 
band power and the available FL subband power allot- 
ted by the baseband manager and returns a difference 
power level to the satellite power manager 158 (step 
210). The subband power difference represents the dif- 
ference between the available subband power, as pro- 
vided by the baseband manager, and the required sub- 
band power, as determined by the feedback, from the 
modems for the current subband. 

Turning to Fig. 5B, once the subband power differ- 
ence is calculated at step 210, flow passes to step 212 
at which the controller 157 determines whether the al- 
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located subband power exceeds the required subband 
power. If so, the excess power is distributed among the 
modems in a desired manner (step 21 4). In addition, this 
excess is reported back to the satellite power manager 
158. As explained above, the satellite power manager 
1 58 may decide to take away the excess power from the 
current subband and allocate it to another subband and/ 
or beam (see Figs. 3A and 3B). If the decision in step 
212 is negative, the flow passes to step 216 at which it 
is determined whether the required subband power ex- 
ceeds the allocated subband power. If so, the modem 
controller 159 reduces the desired FL-SNR values for 
the user terminals within the current subband in order 
that the output power level associated with the desired 
FL-SNR values does not exceed the allocated power 
level 

Optionally, the desired FL-SNR value for each user 
terminal may be reduced unevenly across the subband 
such as to maintain the desired FL-SNR value of each 
user terminal by a proportional amount above the mini- 
mum required FL-SNR value for each user terminal. 
This overpowered condition is reported at step 218 to 
the satellite power manager 158 which will subsequent- 
ly, if possible, allocate additional power to the subband 
in an overpowered state (as explained above in connec- 
iion with Figs. 3A and 3B). In addition, at step 220, the 
subband load manager 163 may be instructed to direct 
new calls to and from user terminals in the same beam 
to another subband other than the current subband 
which is operating in an overloaded power state. Thus, 
the subband load manager 163 distributes new calls 
among the subbands in order to avoid overloading of a 
single subband. The subband load manager 1 63 may 
operate independently in response to the feedback re- 
ported from the subband power manager 156 or alter- 
natively under the direct control of the beam load man- 
ager 161 in the baseband manager 150. 

At step 192 (Fig. 3B), the beam load manager 161 
may determine which subbands within the current beam 
use the least power to direct the subband load manager 
163 to redirect new calls accordingly. The beam load 
manager 1 6 1 then assigns a new channel to this under- 
powered subband and relays the channel assignment 
to the subband load manager 163. The subband load 
manager 1 63 then uses this assignment information to 
establish a new channel with the new user terminal. 

Optionally, at step 222, a handover processor 165 
within the subband load manager 163 may be activated 
to handover one or more active channels from the cur- 
rent subband to a different subband within the same 
beam spot. By handing over channels between sub- 
bands in this matter, the handover processor 165 shifts 
load between subbands. The handover processor 165 
may be controlled by the subband power manager 156 
and/or by the beam load manager 161. If controlled by 
the subband power manager 156, the handover proces- 
sor 165 receives its instructions to effect a handover at 
step 222 (Fig. SB). If the handover processor 1 65 is con- 



trolled by the beam load manager 161 , the handover in- 
structions will be transmitted at step 1 92 (Fig. 3B) as 
part of the subband power reallocation process carried 
out by the baseband manager 150. 
5 According to the above process, each beam proc- 
essor 152 receives, from the satellite power manager 
158, the total power allocated for each subband within 
the associated beam. The beam processor 152 re- 
ceives, from each modem 1 54, the current power output 

w level for each forward link to an active user terminal, 
along with the variance within the forward link's signal- 
to-noise ratio. The signal-to-noise ratio variance repre- 
sents the statistical difference in the SNR value received 
at the user terminal and the desired SNR value assigned 

*5 to the modem 154. The beam processor 152 may re- 
ceive from each modem 154 the type of user terminal 
being serviced by the modem 154 in an active commu- 
nications link. 

The beam processor 1 52 outputs a desired FL-SNR 

20 value to be received at the user terminal, along with a 
maximum satellite power output in connection with each 
modem 1 54. The beam processor 1 52 returns to the sat- 
ellite power manager 158 a difference between the 
available subband power and the required subband 

25 power for each subband within the beam associated 
with the current beam processor. The beam processor 
1 52 may access a data base 1 55 to obtain required FL- 
SNR values for each type of user terminal and any other 
desired SNR statistics, such as high variance, low var- 

30 iance, etc. The data base of SNR values is downloada- 
ble from the baseband manager each time the beam 
processor is assigned to a new beam. Thus, the content 
of the data base 155 may be a function of the current 
beam's position within the satellite's field of view. 

3S Fig. 3C illustrates the processing sequence fol- 
lowed by the satellite power manager 158 when it de- 
termines that the total demand of all subbands in all 
beams assigned to the present baseband manager 
(earth station) exceed the satellite power allocation for 

40 these beams (step 1 94). At step 1 96, the satellite power 
manager 158 reduces the subband power allocations 
for all beams associated with the current earth station. 
This reduction may be performed according to a prede- 
fined fixed threshold value for each subband. Alterna- 

45 tively, this power reduction may be performed according 
to a predefined or calculated percentage of the total 
power allocated to each subband in order to reduce the 
subbands more evenly. At step 198, the satellite power 
manager 158 informs the SOC that the power demand 

so has exceeded the allocated power for the beams corre- 
sponding to the current earth station. As explained 
above, the SOC may redistribute power allocation be- 
tween earth stations to more evenly load the satellites 
and beams therein. Optionally, the SOC may also reas- 

55 sign user terminals and/or subbands and/or beams be- 
tween overlapping satellites to shift load from the satel- 
lite operating in an overloaded position to a satellite op- 
erating in an underloaded state. 
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Next, the discussion turns to the power control 
loops used in connection with the forward link FL (Fig. 
6) and the return link RL (Fig. 7) of a channel to ensure 
a desired signal quality at the user terminal 10 and at 
the earth station 20, respectively. s 

Beginning with Fig. 6, an earth station 28 and a user 
terminal 10 are illustrated. While the intermediate satel- 
lite has not been illustrated, it is understood that the 
communications links between the earth station and us- 
er terminal 28 and 1 0 pass through an associated cov- io 
erage satellite. The earth station 28 includes a transmit- 
ter 11 which transmits RF signals along a forward link 
FL to a receiver 2 at the user terminal 10. The receiver 
2 passes the incoming RF signal to a signal processor 
4 which determines the received signal quality (e.g., is 
SNR). The signal processor 4 outputs a signal-to-noise 
ratio (SNR) value corresponding to the received RF sig- 
nal. The SNR value is combined in a multiplexor 6 with 
an outgoing traffic signal which is passed to the trans- 
mitter 8 and transmitted to the earth station 28 via an 20 
RF return link RL A receiver 9 at the earth station 28 
receives the RF signal upon the return link RL. The RF 
signal is passed to a modem 154 which demodulates 
the RF signals and demultiplexes the SNR value from 
the traffic information. The modem 1 54 compares the 25 
received SNR value with the desired SNR value (deliv- 
ered from the corresponding beam processor 152). 
Based on this comparison, the modem 154 increases or 
decreases a power level supplied to the transmitter 11. 
As explained below the power level setting instructs the 30 
satellite to increase or decrease the output transmission 
power of subsequent RF signals along the associated 
forward link. 

The power level control loop of Fig. 6 is repeated 
continuously throughout communication between an 3S 
earth station and each active user terminal in order to 
maintain the output power of the satellite at a level suf- 
ficient to ensure that the received SNR value at the user 
terminal 10 substantially corresponds to the desired 
SNR value determined in the earth station 28. Option- 40 
ally, the signal processor 4 may be modified to calculate 
the received SNR value based on several incoming RF 
signals in order to obtain an average of these multiple 
received SNR values. By averaging the received SNR 
values for multiple incoming samples, the processor 4 *s 
avoids unnecessary drastic short term variations in the 
output power level. 

With reference to Fig. 7, the power level control loop 
is now described in connection with the return link RL to 
ensure that the receiver 9 in the earth station 28 receives so 
the desired signal quality. Beginning at user terminal 10, 
an RF signal is output by transmitter 8 along the return 
link RL which is received at receiver 9. An SNR test mod- 
ule 1 3 tests the signal-to-noise ratio of the incoming RF 
signal at receiver 9. The received SNR value is com- ss 
pared with the desired SNR value, and the difference 
therebeiween is used to determine a new power setting 
command to be passed to the user terminal 10. The new 



power setting command identifies the power level at 
which the transmitter 8 must emit RF signals along re- 
turn link RL to ensure that the satellite receives such RF 
signals with sufficient quality. The power setting com- 
mands are combined with an outgoing traffic signal with- 
in a multiplexor 7 and passed to the transmitter 11 . The 
transmitter outputs the RF signal containing the power 
setting commands along the forward link FL to the ter- 
minal 10. A demultiplexer 3 separates the power level 
commands from the traffic signal and passes the power 
level commands to the transmitter 8. The transmitter 8 
updates its output power based on the received level 
command. According to the foregoing loop, the return 
link power is maintained at a desired level. 

With reference to Fig. 8, next the discussion turns 
to the process used to automatically control the power 
output levels of the satellite transmitter in forward links 
to all of the associated user terminals. Fig. 8 illustrates 
a satellite 300 which receives RF signals transmitted by 
earth stations 302-306 along forward feeder links 
308-312. Each earth station 302-306 includes a base- 
band subsystem 314 which communicates with an an- 
tenna subsystem 31 6. The baseband subsystem 31 4 in- 
cludes a multiplexor 31 8 which receives RF signals con- 
taining communications data, command information 
and the like along traffic channels 320 for all of the user 
terminals assigned to the earth station 302. The multi- 
plexor 318 combines the RF signals along traffic chan- 
nels 320 with a reference tone produced by tone gener- 
ator 322. The communications signals and reference 
tone are passed along line 324 to the antenna subsys- 
tem through an automatic gain controller 326. 

The automatic gain controller 326 is controlled to 
adjust the aggregate output power transmitted by an- 
tenna 328 along the feeder link 308. The RF signal 
transmitted along forward link 308 is received at a feeder 
link 330 and passed to an automatic gain controller 332. 
The gain of the automatic gain controller (AGC) 332 is 
adjusted to force the level of the reference tone embed- 
ded in the RF signal to achieve a desired level of the 
AGC output By adjusting the gain at AGC 332, the ref- 
erence tones from each of the multiple feeder links are 
driven to the same power levels while maintains the re- 
lationships between individual user power and the ref- 
erence tone. In this way, any differences in propagation 
loss between the multiple feeder links have been com- 
pensated prior to combining the RF signals. The 3-way 
combiner 336 combines the RF signals received at feed- 
er links 330, 338 and 340, respectively, and outputs 
same from the antenna 342 which defines the coverage 
region of the satellite. Next, an example is illustrated in 
connection with Figs. 9A and 9B to explain the manner 
in which the preferred embodiment achieves automatic 
level control. 

Fig. 9A illustrates an exemplary RF signal 350 pro- 
duced by the multiplexor 318. The RF signal 350 in- 
cludes communications data for multiple subbands 352, 
354 and 356. The composite signal 350 also includes a 
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tone 358 produced by tone generator 322. The refer- 
ence tone 358 has an amplitude corresponding to a pre- 
defined power output level. For instance, the tone 358 
may correspond to two watts of transmission power ul- 
timately transmitted by the satellite 300. The composite s 
RF signal 350 is passed through the antenna subsystem 
31 6 and transmitted from antenna 328. 

During transmission, the RF signal may pass 
through interference, such as clouds, rain and the like. 
Such interference may alter the magnitudes of the sig- io 
nals within each subband 352-356 and the magnitude 
of the reference tone 358. The received composite sig- 
nal 360 in Fig, 9A is representative of the signal received 
at feeder link 330. The received composite signal 360 
includes subband signals 352-356 and a reference tone 1$ 
358. The magnitudes of the subband signals and refer- 
ence tone have increased, although, the relative ampli- 
tudes between the subband signals 352-356 and the ref- 
erence tone 358 have not changed. The filter 334 ad- 
justs the gain of the AGC 332 until it outputs the received 20 
reference tone 368 at an amplitude corresponding to the 
predefined amplitude associated with the predeter- 
mined output power level (e.g., two watts). Thereafter, 
the AGC 332 is controlled to output the adjusted com- 
posite RF signal 370 (Fig, 9A). As adjusted by the AGC 25 
332, the RF signal 370 includes a referenced tone 378 
equal in magnitude to the original reference tone 358 
output by the multiplexor 318. In addition, the ampli- 
tudes of the RF signals in subbands 372-376 equal the 
amplitudes of the original subband signals 352-356. 30 

Accordingly, by combining reference tones preas- 
signed to a corresponding transmission power level, the 
earth station is able to ensure that the satellite receives 
over the feeder link a composite RF signal having a de- 
sired relation between the tone and traffic signals trans- 35 
mitted from the earth station. The subsequent signal 
transmitted from antenna 342 corresponds in amplitude 
to the amplitudes established by the relation between 
subband signals 372-376 and reference tone 378. Ac- 
cordingly, by adjusting the amplitude of the subband sig- *o 
nals 352-356 at the modems relative to the reference 
tone 358, the earth station is able to control the trans- 
mission power generated within each subband at the 
antenna 342. 

Fig. 9B further illustrates a second example of the 45 
automatic level control process according to the pre- 
ferred embodiment of the present invention. Fig. 9B il- 
lustrates an original composite RF signal 380, a re- 
ceived composite RF signal 390, and an adjusted com- 
posite RF signal 400. The original and adjusted com- so 
posite signals 380 and 400 include subband signals 
382-384 and 402-404, which are equal in amplitude. 
Reference tones 386 and 406 are also equal in ampli- 
tude. This amplitude relationship is maintained even 
though the received composite RF signal 390 included ss 
subband signals and a reference tone 392, 394 and 396 
which substantiaiiy differed in amplitude from ihe origi- 
nal intended signal. 



The adjusted composite RF signals 270 and 300 are 
combined in the 3-way combiner 236 and transmitted 
along corresponding subbands to the intended termi- 
nals. 

According to the above described preferred embod- 
iment of the present invention, the SOC 20 allocates to- 
tal satellite power and delivers same to each earth sta- 
tion. Within the earth station, the baseband manager 
subdivides the satellites total allocated power between 
beams and subbands. The beam processors, upon re- 
ceiving the subband power allocations, control sets of 
modems associated with each subband to achieve re- 
quired forward link SNR values. The modems adjust the 
output powe r of RF signals transmitted from the antenna 
subsystem to the satellite via the feeder link. The mo- 
dems maintain a desired relation between subband 
power levels and a reference tone within each transmit- 
ted RF signal. The satellite adjusts the AGC associated 
with each feeder link based on the reference tone within 
each received RF signal to properly adjust the gain of 
the incoming RF signal. The satellite then combines the 
adjusted RF signals from the multiple feeder links in a 
combiner and transmits a composite RF signal from the 
antenna throughout the satellites field of coverage with 
corresponding subbands of predefined power within 
each beam spot. The modems receive feedback with 
respect to the signal quality and adjust the satellites out- 
put power by adjusting the amplitudes of the RF signals 
within the composite RF signal 350. The beam proces- 
sors, baseband manager and SOC adjust the power al- 
located to each beam based on feedback from the mo- 
dems. 

Optionally, a test module 24 may be provided prox- 
imate the earth station to receive a test RF signal trans- 
mitted from the satellite 30. The test module 24 meas- 
ures the total feeder link power relative to the reference 
tone based on a return signal from the satellite 30. 

Optionally, the baseband manager and beam proc- 
essor may cooperate to redistribute power initially re- 
served for future predicted channels to active channels 
which require additional power to achieve the minimum 
acceptable SNR value. For instance, if a particular sub- 
band is predicted to include 20 channels, the baseband 
manager and beam processor will reserve sufficient 
power to service 20 channels if they become active. 
However, during processing if 5 channels are active and 
the remaining are inactive, the beam processor and 
baseband manager may reallocate a percentage of the 
reserved power to other beams and/or subbands which 
are in need of additional power. The baseband manager 
and beam processor will initially divide the available 
power to support a predetermined minimum number of 
additional active channels from the 20 predicted chan- 
nels. 

While particular elements, embodiments and appli- 
cations of the present invention have been shown and 
described, it wtii be understood, of course, that the in- 
vention is not limited thereto since modifications may be 
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made by those skilled in the art, particularly in light of 
the foregoing teachings. 



Claims 

1. A power control subsystem in a satellite based tel- 
ecommunications system for distributing satellite 
transmission power among a plurality of communi- 
cations channels (44; 46; 56; 62) between at least 
one earth station (16; 28; 29) and at least one user 
terminal (10; 40; 42; 52; 54; 74; 76; 78; 80; 82; 84) 
through a satellite (12; 30; 31), said subsystem 
comprising: 

an operating center (20) for assigning a total 
satellite available power for use by a satellite 
(12; 30; 31) with at least one communications 
channel (44; 46; 56; 62), said channel (44; 46; 
56; 62) being in a predetermined subband in a 
predetermined beam emitted by the satellite 
(12; 30; 31); and 

an earth station (16; 28; 29) for controlling dis- 
tribution of said total available power among 
communications channels (44; 46; 56; 62) in 
subbands of beams emitted by the satellite (12; 
30; 31), said earth station (16; 28; 29) including 
a baseband manager (150) for dividing said to- 
tal available power between subbands to pro- 
vide subband power allocations, said earth sta- 
tion (16; 28; 29) including a beam processor 
(1 52) for determining a desired signal quality to 
be maintained by the satellite (12; 30; 31) along 
said communications channels (44; 46; 56; 62), 
said beam processor (152) adjusting said de- 
sired signal quality based on said subband 
power allocations. 

2. A subsystem according to claim 1, wherein said 
earth station (16; 28; 29) further includes a plurality 
of modems (154) assigned to a corresponding 
number of communications channels (44; 46; 56; 
62), said modems (154) adjusting a satellite trans- 
mission power level, at which the satellite (12; 30; 
31 ) emits RF signals along of forward links (48; 58) 
of said communications channels (44; 46; 56; 62), 
to maintain said desired signal quality determined 
by said beam processor (152). 

3. A subsystem according to claim 1, wherein said 
baseband manager (150) determines subband 
power allocations for each beam based on total sat- 
ellite power allocation, PFD limits and required pow- 
er levels reported from said beam processor (152). 

4. A subsystem according to claim 1, wherein said 
beam processor (152) determines fade margins lor 
each user terminal (10; 40; 42; 52; 54; 74; 76; 78; 



80; 82; 84) within a beam based on subband power 
allocations. 

5. A subsystem according to claim 1, wherein said 
5 beam processor (1 52) determines fade margins on 

user terminal type and user terminal position within 
a field of view of a satellite (12; 30; 31 ). 

6. A subsystem according to claim 1, wherein said 
10 beam processor (152) determines fade margins 

based on signal-to-noise ratio information reported 
to said beam processor (152) from a modem (154) 
corresponding to a current user terminal (10; 40; 42; 
52; 54; 74; 76; 78; 80; 82; 84). 

15 

7. A subsystem according to claim 1 , wherein said 
baseband manager (150) reallocates power be- 
tween first and second subbands to shift power to 
said first subband which requires additional power 

20 and to shift power from said second subband which 
includes excess power. 

8. A subsystem according to claim 1 , wherein said 
beam processor (152) decreases a desired signal- 

2$ to-noise ratio for a corresponding subband when a 
corresponding modem (154) indicates that suffi- 
cient power has not been allocated to said subband 
to achieve said desired signal-to-noise ratio. 

30 9. a subsystem according to claim 1, wherein said 
beam processor (1 52) reports a subband power de- 
mand for each subband to the baseband manager 
(150). 

35 1 0. A subsystem according to claim 1 , wherein said op- 
erations center (20) divides a total power capacity 
of a common satellite (12; 30; 31) between earth 
stations (16; 28; 29) using beams of the common 
satellite (12; 30; 31). 

40 

1 1 . A subsystem according to claim 1 , wherein said op- 
erations center (20) provides to said earth station 
(16; 28; 29) power limits per subband per beam. 

45 1 2. A subsystem according to claim 1 , wherein said op- 
erations center (20) reallocates a total power ca- 
pacity of a common satellite (12; 30; 31) between 
earth stations (16; 28; 29) using beams of the com- 
mon satellite (12; 30; 31) based on feedback power 

50 requirement information from said earth stations 
(16; 28; 29). 



Patentanspruche 

55 

1. Etn Leistungssteuerungsteilsystem in einem satel- 
litenbasierten Telekommunikationssystem zur Ver- 
teilung von Satellitenubertragungsleistung uber ei- 
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nen Satelliten (12, 30, 31) unter einer Vielzahl von 
Nachrichtenkanalen (44, 46, 56, 62) zwischen zu- 
mindest einer Erdstation (16, 28, 29) und zumindest 
einem Benutzerterminal (10, 40, 42, 52, 54, 74, 76, 
78, 80, 82, 84), wobei das Teilsystem umfa&t: s 

ein Betriebszentrum (20) zum Zuweisen einer 
insgesamten verfugbaren Satellitenleistung 
zur Verwendung von einem Satelliten (12, 30, 
31 ) mit zumindest einem Nachrichtenkanal (44, 10 
46, 56, 62), wobei der Kanal (44, 46, 56, 62) in 
einem vorbestimmten Teilfrequenzband in ei- 
nem vorbestimmten, durch den Satelliten (12, 
30, 31 ) ausgesendeten Strahl liegt, und 

15 

eine Erdstation (16, 28, 29) zum Steuem der 
Verteilung der insgesamt verfugbaren Leistung 
unter Nachrichtenkanalen (44, 46, 56, 62) in 
Teilfrequenzbandern von durch den Satelliten 
(12, 30 31 ) ausgesendeten Strahlen, wobei die 20 
Erdstation (16, 28, 29) einen Basisfrequenz- 
bandmanager (150) zum Aufteilen der insge- 
samt verfugbaren Leistung zwischen Teilfre- 
quenzbandern umfaBt, urn Teilfrequenzband- 
leistungszuteilungen zur Verfugung zu stetlen, 2s 
wobei die Erdstation (16, 28, 29) einen Strahl- 
prozessor (152) zur Bestimmung einer ge- 
wunschten Signalqualitat umfaGt, die von dem 
Satelliten (12, 30, 31) in den Nachrichtenkana- 
len (44, 46, 56, 62) aufrecht erhatten werden 20 
soil, wobei der Strahlprozessor ( 1 52) basierend 
auf den Teilfrequenzbandleistungszuteilungen 
die gewunschte Signalqualitat einstellt. 

Ein Teilsystem nach Anspruch 1 , bei dem die Erd- 35 
station (16, 28, 29) zusatzlich eine Vielzahl Modems 
(154) umfaGt die einer entsprechenden Zaht der 
Nachrichtenkanale (44, 46, 56, 62) zugeordnet 
sind, wobei die Modems (154) einen Satellitenuber- 
tragungsleistungspegel einstellen, bei dem der Sa- 40 
tellit (12, 30, 31) uber vorwarts gerichtete Verbin- 
dungen (48, 58) der Nachrichtenkanale (44, 46, 56, 
62) RF-Signale aussendet, urn die gewunschte, 
durch den Stahlprozessor (152) bestimmte Signal- 
qualitat aufrechtzuertialten. 45 

Ein Teilsystem nach Anspruch 1, bei dem der Ba- 
sisfrequenzbandmanager (150) basierend auf ei- 
ner gesamten Satellitenleistungszuteilung, PFD- 
Grenzen und benotigten, von dem Strahlprozessor 50 
(152) gemeldeten Leistungspegeln Teilfrequenz- 
bandleistungszuteilungen fur jeden Strahl be- 
stimmt. 

Ein Teilsystem nach Anspruch 1, bei dem der ss 
Strahlprozessor (152) basierend auf Teilfrequenz- 
bandieisiungszuteiiungen Regeibereiche tur jedes 
Benutzerterminal (10, 40, 42, 52, 54, 74, 76, 78, 80, 



82, 84) in einem Strahl bestimmt. 

5. Ein Teilsystem nach Anspruch 1, bei dem der 
Strahlprozessor (152) basierend auf einem Benut- 
zerterminaltyp und einer Benutzerterminalposition 
in einem Gesichtsfeld eines Satelliten (12, 30, 31) 
Regeibereiche bestimmt. 

6. Ein Teilsystem nach Anspruch 1, bei dem der 
Strahlprozessor (152) basierend auf Signal- 
Rausch-Verhaltnisinformationen, die von einem ei- 
nem aktuellen Benutzerterminal (10, 40, 42, 52, 54, 
74, 76, 78, 80,82, 84) entsprechenden Modem 
(1 54) dem Strahlprozessor (1 52) gemeldet werden, 
Regeibereiche bestimmt. 

7. Ein Teilsystem nach Anspruch 1 , bei dem der Ba- 
sisfrequenzbandmanager (150) Leistung zwischen 
ersten und zweiten Teilfrequenzbandern erneut 
verteilt, um Leistung zu dem ersten Teilfrequenz- 
band zu verschieben, das zusatzliche Leistung be- 
notigt, und um Leistung von dem zweiten Teilfre- 
quenzband zu verschieben, das UberschuBleistung 
enthalt. 

8. Ein Teilsystem nach Anspruch 1, bei dem der 
Strahlprozes-sor (152) ein gewQnschtes Signal- 
Rausch-Verhaltnis fOr ein entsprechendes Teilfre- 
quenzband vermtndert, wenn ein entsprechendes 
Modem (154) angibt, daB keine ausreichende Lei- 
stung dem Teilfrequenzband zugeteilt wurde, um 
das gewunschte Signal-Rausch-Verhaltnis zu errei- 
chen. 

9. Ein Teilsystem nach Anspruch 1, bei dem der 
Strahlprozessor (152) dem Basisfrequenzbandma- 
nager (1 50) einen Teilf requenzbandleistungsbedarf 
fur jedes Teilfrequenzband meldet. 

10. Ein Teilsystem nach Anspruch 1, bei dem das Be- 
triebszentrum (20) eine gesamte Leistungskapazi- 
tat eines gemeinsamen Satelliten (12, 30, 31) unter 
Verwendung von Strahlen des gemeinsamen Satel- 
liten (12, 30, 31) zwischen Erdstationen (16, 28, 
29,) aufteilt. 

11. Ein Teilsystem nach Anspruch 1, bei dem das Be- 
triebszentrum (20) der Erdstation (16, 28, 29) Lei- 
stungsgrenzen pro Teilfrequenzband pro Strahl zur 
Verfugung stellt. 

12. Ein Teilsystem nach Anspruch 1, bei dem das Be- 
triebszentrum (20) eine gesamte Leistungskapazi- 
tat eines gemeinsamen Satelliten (12, 30, 31) unter 
Verwendung yon Strahlen des gemeinsamen Satel- 
liten (12, 30, 31) zwischen Erdstationen (16, 28, 29) 
basierend auf Ruckkopplungsinformationen von 
den Erdstationen (16, 28, 29) uber einen Leistungs- 
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bedarf erneut zuteilt. 



Revendlcatlons 

s 

1 . Sous-systeme de commande de puissance dans un 
systems de telecommunications par satellite pour 
rSpartir la puissance de transmission du satellite 
entre une pluralrte de canauxde transmissions (44; 

46; 56; 62) entre au moins une station terrestre (16; 10 
28; 29) et au moins une installation terminate d'uti- 
lisateur (10; 40; 42; 52; 54; 74; 76; 78; 80; 82; 84) 
par I'intermediaire d'un satellite (12; 30; 31), ledit 
sous-ensemble comprenant : 

75 

un centre d'exploitation (20) pour assigner une 
puissance de satellite totale disponible desti- 
ned a etre utilised par un satellite (12; 30; 31) 
prdsentant au moins un canal de transmissions 
(44; 46; 56; 62), ledit canal (44; 46; 56; 62) 6tant 20 
dans une sous-bande pre" determined dans un 
faisceau predetermine 6mis par le satellite (12; 
30; 31 ); et 

une station terrestre (16; 28; 29) pour comman- 
der la repartition de ladite puissance totale dis- 25 
ponible entre les canaux de transmissions (44; 
46; 56; 62) dans des sous-bandes de faisceaux 
emis par le satellite (12; 30; 31), ladite station 
terrestre (16; 28; 29) comprenant un gestion- 
naire de bande de base (1 50) pour diviser ladite 30 
puissance totale disponible entre des sous- 
bandes pour fournir des allocations de puissan- 
ce de sous-bande, ladite station terrestre (16; 
28; 29) comprenant un dispositif de traitement 
de faisceau (152) pour determiner une qualite* 35 
de signal souhaited qui doit Stre maintenue par 
le satellite (12; 30; 31) sur lesdits canaux de 
transmissions (44; 46; 56; 62), ledit dispositif 
de traitement de faisceau (152) ajustant ladite 
quality de signal souhaitee d'apres lesdites al- 40 
locations de puissance de sous-bande. 

2. Sous-systeme selon la revendication 1 , dans lequel 
ladite station terrestre (16; 28; 29) comprend de 
plus une plurality de modems (154) affected a un <s 
nombre correspondantde canauxde transmissions 
(44; 46; 56; 62), lesdits modems (154) ajustant un 
niveau de puissance de transmission par satellite, 
auquel le satellite (1 2; 30; 31 ) emet des signaux RF 

le long de liaisons aval (48; 58) desdits canaux de so 
transmissions (44; 46; 56; 62), pour maintenir ladite 
quality de signal souhaited determined par ledit dis- 
positif de traitement de faisceau (152). 

3. Sous-systeme selon la revendication 1 , dans lequel ss 
ledit gestionnaire de bande de base (150) determi- 
ne des allocations de puissance de sous-bande 
pour chaque faisceau d'apres I'al location de puis- 



sance totale du satellite, les limites de densite sur- 
facique de puissance et les niveaux de puissance 
nedessaires rapportes par ledit dispositif de traite- 
ment de faisceau (152). 

4. Sous-systeme selon la revendication 1 , dans lequel 
ledit dispositif de traitement de faisceau (152) de- 
termine des marges de protection contre les eva- 
nouissements pour chaque installation terminate 
d'utilisateur (10; 40; 42; 52; 54; 74; 76; 78; 80; 82; 
84) dans un faisceau d'apres les allocations de 
puissance de sous-bande. 

5. Sous-systeme selon la revendication 1 , dans lequel 
ledit dispositif de traitement de faisceau (152) de- 
termine des marges de protection contre les eva- 
nouissements en fonction du type d'installation ter- 
minate d'utilisateur et de la position de I 1 installation 
terminate d'utilisateur dans un champ de visibility 
d'un satellite (12; 30; 31). 

6. Sous-systeme selon la revendication 1 , dans lequel 
ledit dispositif de traitement de faisceau (152) de- 
termine des marges de protection contre les eva- 
nouissements d'apres une information de rapport 
signal / bruit rapportee audit dispositif de traitement 
de faisceau (152) par un modem (154) correspon- 
dent a une installation terminate d'utilisateur actuel 
(10; 40; 42; 52; 54; 74; 76; 78; 80; 82; 84). 

7. Sous-syst6me selon la revendication 1 , dans lequel 
ledit gestionnaire de bande de base (150) realloue 
la puissance entre une premiere et une deuxieme 
sous-bandes pour transferer de la puissance a la- 
dite premiere sous-bande qui a besoin de puissan- 
ce supplemental et pour retirer de la puissance a 
ladite deuxieme sous-bande qui a trop de puissan- 
ce. 

8. Sous-syst6me selon la revendication 1 , dans lequel 
ledit dispositif de traitement de faisceau (152) fait 
diminuer un rapport signal / bruit souhaite pour une 
sous-bande correspondante lorsqu'un modem cor- 
respondent (154) indique qu'il n'a pas et6 alloue 
une puissance suffisante a ladite sous-bande pour 
obtenir ledit rapport signal / bruit souhaite. 

9. Sous-systeme selon la revendication 1 , dans lequel 
ledit dispositif de traitement de faisceau (152) rap- 
porte au gestionnaire de bande de base (150) une 
demande de puissance de sous-bande pour cha- 
que sous-bande. 

10. Sous-systeme selon la revendication 1 , dans lequel 
ledit centre d'exploitation (20) divise une capacite 
de puissance totale d'un satellite commun (12; 30; 
31) entre les stations terrestres (16; 28; 29) utilisant 
des faisceaux du satellite commun (12; 30; 31). 
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1 1 . Sous-systeme selon la revendication 1 , dans lequel 
ledit centre Sexploitation (20) fournit a ladite station 
terrestre (16; 28; 29) des limites de puissance par 
sous-bande par faisceau. 

s 

12. Sous-systeme selon la revendication 1 , dans lequel 
ledit centre d'exploitation (20) realloue une capacite 
de puissance totale d'un satellite commun (12; 30; 
31) entre les stations terrestres (16; 28; 29) utilisant 
des faisceaux du satellite commun (12; 30; 31) io 
d'apres une information de besoin de puissance re- 
percutee par lesdites stations terrestres (16; 28; 
29). 
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